Background. Phenolic compounds were extracted and isolated from S. undulata roots. Methods. Sample of roots from E. hirta was tested for phenolic compounds, and in vitro antioxidant activity by diphenyl-1-picrylhydrazyl (DPPH) assay, ABTS, FRAP and reducing power was measured using cyanoferrate method. Results. The methanolic fraction exhibited the highest total phenol content (6.12 ±0.11 mg AGE/g DW). On the other hand, the highest fl avonoids concentration was observed in ethyl acetate fraction (2.90 ±0.05 mg CE/g DW) in addition to anthocyanins (28.56 ±3.96 mg/l). Besides, the highest level of tannins content was measured in the polar aprotic solvent ethyl acetate extract (3.25 ±0.06 mg CE/g DW). The different extracts of S. undulata were evaluated for their radical scavenging activities by means of the DPPH assay. The strongest scavenging activity was observed in methanolic fraction scavenged radicals effectively with IC 50 values of 0.14 ±0.02 mg/ml. Similarly, the potassium ferricyanide reduction (FRAP) and ABTS •+ of methanol extract. On the other hand, the total reducing power of ethyl acetate extract was found higher than of other extracts. This paper presents the application of the design-of experiment method for optimizing the extraction of phenolic content using methanol solvent. The resulting regression model has shown that the effect of temperature is not statistically signifi cant (with >95% certainty), while that of agitation speed is. The two main effects are contributed by the solvent concentration and the maceration period. Conclusion. Our results clearly showed that the extraction of phenolic compounds and their antioxidant capacity is signifi cantly affected by solvent combinations. S. undulata presented the highest total phenolic content, total fl avonoids content and antioxidant capacity values. The resulting regression model has shown that the effect of temperature is not statistically signifi cant (with >95% certainty), while that of agitation speed is. . Eff ect of extraction solvents on the biomolecules and antioxidant properties of Scorzonera undulata (Asteraceae): Application of factorial design optimization phenolic extraction. Acta Sci. . Eff ect of extraction solvents on the biomolecules and antioxidant properties of Scorzonera undulata (Asteraceae): Application of factorial design optimization phenolic extraction. Acta Sci.
INTRODUCTION
Since prehistoric times, many medicinal plants have been used in folk medicine (Rout et al., 2000; Yesil--Celiktas et al., 2007; Guo et al., 2007; Shinde et al., 2010) . They have been used all over the world for thousands of years as natural medicines possessing therapeutic and other pharmacologic effect. Today, according to the World Health Organization (WHO), as many as 80% of the world's population depend on traditional medicine for their primary health-care needs. The preliminary results of a study on behalf of WHO have shown that the number of individuals using medicinal plants is large and increasing, even among young people (WHO, IUCN and WWF, 1993) . Medicinal plants or parts of them (leaves, rhizomes, roots, seeds, fl owers) can be utilized in different forms such as fresh crude form and preparations as teas, decoctions, powdered plant material, or extracted forms of medicinal agents (juices, water or alcohol extracts, tinctures, essential oils, resins, balsams). Medicinal plants are generally known and popular for a number of health benefi ts such as blood pressure decreasing, prevention of cardiovascular diseases, or reducing the risk of cancer also due to their antioxidant activity (Burt, 2004; Suhaj, 2006; Brewer, 2011; Ghasemzadeh and Ghasemzadeh, 2011; Mothana, 2011; Prochazkova et al., 2011) . The preservative effect of many plant spices and herbs suggests the presence of antioxidative and antimicrobial constituents in their tissues (Hirasa and Takemasa, 1998) . Recently, interest has increased considerably in fi nding naturally occurring antioxidants for use in foods or medicinal materials to replace synthetic antioxidants, which are being restricted due to their carcinogenicity (Velioglu et al., 1998) . The genus Scorzonera L. (Asteraceae) is a large genus with 160 species. It is widely spread in arid regions of Eurasia and North Africa. In recent years ethnobotanical, phytochemical and biological activity studies have been carried out in Scorzonera (Akkol et al., 2012) . Scorzonera species are used against pulmonary diseases, colds, for the treatment of wounds and gastro-intestinal disorders, as well as for their stomachic, diuretic, galactagogue, antipyretic and appetizing effects in European traditional medicine (Zidorn et al., 2000 (Zidorn et al., , 2003 ; used for the treatment of diarrhea, lung edema, parasitic diseases, and fever caused by bacterial and viral infections in Mongolian traditional medicine ; used for the treatment of hepatic pains in Libyan folkloric medicine (Auzi et al., 2007) and in Chinese and Tibetan folk medicine, have also medicinal usage in breast infl ammation and abscess due to their antipyretic and anti-infl ammatory activities (Zhu et al., 2009 ). Moreover, Scorzonera species are a rich source of dietary polyphenols such as fl avonoids and phenolic acids including caffeoylquinic acid derivatives Zhu et al., 2009; Jehle 2010; Akkol et al., 2011; Sari, 2012; Wang et al., 2012; Yang et al., 2013; Milella et al., 2014) . This genus has attracted the attention of researchers due to the many chemical classes of its secondary metabolites, including dihydroisocoumarins, stilbenes, lignans, phenolic derivatives, phtalides (Sari et al., 2007) , coumarins, kavalactones (Jiang et al., 2007) , sesquiterpenes (Zidorn, 2008) , triterpenes , and fl avonoids (Sareedenchai and Zidorn, 2010) . Scorzonera undulata is perennial with a thick blackish stump and can be eaten in the spring, the leaves, are in clumps, with a narrow, very long limb that is wavy at the edge, glaucous, with very short woolly hairs. However, there is rare study on the effect of solvents with various polarities on extracting active compounds from Scorzonera undulata related to their antioxidant activities. Because, the determination of the best solvent extract for Scorzonera undulata with measurement of total phenolic content and various antioxidant activity assays was one important factor to increase the extraction process effi cacy. The aim of this study was to examine the effect of different extracting solvents with different polarity on phenolic compounds and antioxidant activity (ferric reducing antioxidant power [FRAP], 2,2-diphenyl-1-picrylhydrazyl [DPPH] and 2,2-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid [ABTS]) of Scorzonera undulata. The solvent that exhibited the highest phenolic content has been optimized. A two-levels factorial design was used to determine the most effective process parameters, and the effects of phenolic content in this plant. . Eff ect of extraction solvents on the biomolecules and antioxidant properties of Scorzonera undulata (Asteraceae): Application of factorial design optimization phenolic extraction. Acta Sci. Pol. Technol. Aliment., 14(4), 313-330. DOI: 10.17306/J. AFS.2015.4.32 www.food.actapol.net/
MATERIAL AND METHODS

Plant materials
Fresh roots from S. undulata were collected in May 2014 in Djebel Bou Ramli (34°31'8" N and 8°32'48" E), Gafsa (South Tunisian). The plant was identifi ed by Pr. Mohamed Chaieb, botanist at the University of Science (Sfax, Tunisia).
Extraction procedure of biomolecule Methanolic fraction. The roots of S. undulata (1 g) were broken into small pieces and macerated in methanol (20 ml) at room temperature for 48 h. The extract was then separated from the residue by fi ltration through Whatman 0.45 μm fi lter paper. The solvent was evaporated under vacuum at 60°C. The residue was weighed and dissolved in methanol (3 ml) for further analysis. Eventually, the solutions were stored at -20°C. The remaining aqueous solution was fractionated successively with n-hexane and ethyl acetate ( Fig. 1 ).
Chemicals and reagents
Butylated hydroxytoluene (BHT), 2,2-diphenyl-1-picrylhydrazyl (DPPH), catechin, 2,4,6-tripyridyl-s-triazine (TPTZ), 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (trolox) and 2,2-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS). . Eff ect of extraction solvents on the biomolecules and antioxidant properties of Scorzonera undulata (Asteraceae): Application of factorial design optimization phenolic extraction. Acta Sci. Pol. Technol. Aliment., 14(4), 313-330. DOI: 10.17306/J. AFS.2015.4.32 Determination of total phenolic content Total phenolics content of S. undulata was measured by Folin-Ciocalteu's phenol reagent (Singleton and Rossi, 1965; Kim et al., 2003) . First, 200 ml of appropriately diluted sample or gallic acid standard were added to 2.6 ml of distilled deionized water. Then, 200 ml of Folin-Ciocalteu's phenol reagent was added at time zero and mixed. After 6 min, 2 ml of 7% (w/v) Na 2 CO 3 solution was added and mixed. After incubation for 90 min at room temperature, absorbance was measured at 750 nm versus a prepared blank. The blank consisted of 200 ml 50% (v/v) methanol instead of sample. Gallic acid in 50% (v/v) methanol solution in concentrations of 0.1, 0.3, 0.5, and 0.7 mg/ml was used as a standard and a calibration curve was drawn for each day of analysis. The content of total phenolics was expressed as mg gallic acid equivalent (GAE)/g of dry weight. All samples were analysed in triplicate.
Fig. 1. Extraction procedure of biomolecule
Total fl avonoids content
Total fl avonoid content was measured according to the method of Zhishen et al. (1999) . Sample extract was added with 0.3 ml of 5% sodium nitrite and well mixed. After 5 min of incubation, 0.3 ml of 10% aluminum chloride solution was added. Then, after 6 min, 2 ml of 1 M sodium hydroxide was added to the mixture and made up the volume to 10 ml with water. The absorbance was measured at 510 nm with UV-visible spectrophotometer. Total fl avonoids were measured from catechin (0-0.3 mg) standard curve and expressed as mg catechin equivalents/g of dry weight.
Determination of anthocyanins content
Monomeric anthocyanin content of S. undulata was measured using a spectrophotometrically pH differential protocol according to (Broadhurst and Jones, 1978) . Extracts were mixed thoroughly with 0.025 M potassium chloride pH 1 buffer and similarly with sodium acetate buffer pH 4.5 in 1:10 ratio of extract to buffer. The absorbance of these solutions was measured at 510 and 700 nm. The anthocyanin content was calculated as follows:
Total monomeric anthocyanins (mg/l) = = Abs × MW × 1000 / (Ɛ × C)
where:
Abs -absorbance = (A515 -A700) pH 1.0 -(A515 -A700) pH 4.5 , MW -molecular weight for cyanidin 3-glucoside = 449.2, Ɛ -the molar absorptivity of cyanidin 3-glucoside = 26 900, C -the concentration of the buffer in milligrams per milliliter. Anthocyanin content was expressed as milligrams of cyanidin 3-glucoside equivalents 1 l of the triplicate extracts.
Determination of condensed tannins
Condensed tannins content was determined by the vanillin method as described by Broadhurst and Jones (1978) . 3 ml of vanillin (4% in methanol) were added to 0.5 ml of the different extract. 1.5 ml of highly concentrated HCl was then added. The mixture was then kept in the dark for 15 min at 20°C. The absorbance was read at 500 nm. A calibration curve was prepared with a solution of catechin. The results were obtained in mg of catechin equivalent per g of dry weight (mg CE/g DW).
Determination of the antioxidant activity
The antioxidant potential of S. undulata organic extracts was determined by radical scavenging assays: the 2,2-diphenylpicrylhydrazyl radical (DPPH • ), FRAP, the 2,2′-azinobis3-ethylbenzothiazoline-6-sulfonic acid radical (ABTS •+ ) and reducing power.
Free radical scavenging activity on 2,2-diphenyl--1-picrylhydrazyl (DPPH • ). The free radical scavenging capability of each extract solution on DPPH radicals was determined as described previously (Oztürk et al., 2011) . Briefl y, 4 ml of methanol solution of DPPH (0.1 mM) was mixed with 1 ml of each of extract (methanol, n-hexane, water and ethyl acetate) solution at different concentrations (0-0.4 mg/ml). The reaction mixture was incubated in a dark room for 30 min and the free radical scavenging ability was estimated by measuring the absorbance at 515 nm with the spectrophotometer. The reaction was carried out in capped glass test tubes that were tightly wrapped with aluminum foil. The DPPH radical stock solution was freshly prepared every day for the reaction, and . Eff ect of extraction solvents on the biomolecules and antioxidant properties of Scorzonera undulata (Asteraceae): Application of factorial design optimization phenolic extraction. Acta Sci. Pol. Technol. Aliment., 14(4), 313-330. DOI: 10.17306/J. AFS.2015.4.32 www.food.actapol.net/ precautionary measures were taken to reduce the loss of free radical activity during the experiment. The inhibition percentage of DPPH radicals was calculated as:
Inhibition (%) of DPPH radicals = Ac -As/Ac × 100 where:
Ac -absorbance of the control reaction (all reagents except plant extract), As -absorbance of the sample (plant extract).
Ferric reducing antioxidant power (FRAP) assay. The procedure described by Benzie and Strain was followed (Lahouel and Fillastre, 2004) . The principle of this method is based on the reduction of a ferric-tripyridyltriazine complex to its ferrous, colored form in the presence of antioxidants. Briefl y, the FRAP reagent contained 2.5 ml of a 10 mmol/l TPTZ (2,4,6-tripyridy-s-triazine, Sigma) solution in 40 mmol/l HCl plus 2.5 ml of 20 mmol/l FeCl 3 and 25 ml of 0.3 mol/l acetate buffer, pH 3.6 and was prepared freshly and warmed at 37°C. Aliquots of 40 μl sample supernatant were mixed with 0.2 ml distilled water and 1.8 ml FRAP reagent and the absorbance of reaction mixture at 593 nm was measured spectrophotometrically after incubation at 37°C for 10 min. Value of FRAP was expressed as Trolox equivalents per gram of dry weight (TE/g DW).
Free radical-scavenging ability by the use of ABTS radical cation (ABTS assay). Antioxidant activities of S. undulata were also analysed by investigating their ability to scavenge the ABTS •+ free radical using a modifi ed methodology previously reported by Ozgen et al. (2006) . When combined with an oxidant (2.45 mM potassium persulfate), ABTS (7 mM in 20 mM sodium acetate buffer, pH 4.5) reacts to create a stable, dark blue-green radical solution following 12-16 h of incubation in the dark (4°C). The solution was then diluted to an absorbance of 0.7 ±0.01 at 734 nm to form the test reagent. Reaction mixtures containing 20 μl of sample and 3 ml of reagent were incubated in a water bath at 30°C for 30 min. As unpaired electrons are sequestered by antioxidants in the sample the test solution turns colourless and the absorbance at 734 nm is reduced. The fi nal result was expressed as mM of Trolox equivalents (TE) per g of dry weight (DW).
Reducing power. The ferric reducing antioxidant power assay was used to assess the reducing capacities of extracts of S. undulata. Different dilutions (0.05-0.5 mg/ml) of each plant extract (ethyl acetate, methanol, n-hexane and water). Reducing power of both extracts of S. undulata were measured by method of Oyaizu's (1986) with a slight modifi cation. According to this method, the reduction of Fe 3+ to Fe 2+ was determined by measuring absorbance of the Perl's Prussian blue complex. This method is based on the reduction of (Fe 3+ ) ferricyanide in stoichiometric excess (0.1, 0.2, and 0.4 mg/ml) of water, methanol, ethyl acetate and hexane extracts of sumac S. undulata in 0.75 ml of distilled water were mixed with 1 ml of 0.2 M sodium phosphate buffer (pH 6.6) and 1 ml (1%) of potassium ferricyanide [K 3 Fe(CN) 6 ]. The mixture was incubated at 50°C for 20 min. After 20 min of incubation, the reaction mixture was acidifi ed with 1 ml of trichloroacetic acid (10%). Finally, 0.25 ml of FeCl 3 (0.1%) was added to this solution. Distilled water was used as blank and for control. Absorbance of this mixture was measured at 700 nm using a UV spectrophotometer. Decreased absorbance indicates ferric reducing power capability of sample. Ascorbic acid and Butylated hydroxytoluene (BHT) were used for comparison.
Optimization of phenolic content extraction
The infl uence of solvent, maceration period, temperature and agitation on phenolic extraction was evaluated using a full factorial design (2 4 ) with three replicates in the central points, which was a total of 16 treatment combinations. In the statistical model, the coded variables were defi ned as follows: X1 = solvent, X2 = maceration period, X3 = temperature, X4 = agitation and the dependent variables being phycocyanin concentration. Each independent variable was coded at two levels between -1 (low level) and +1 (high level). The coding of the variables was done by the following:
where: xi -the dimensionless value of an independent variable, Xi -the real value of an independent variable, Xz -the real value of an independent variable at the center point, . Eff ect of extraction solvents on the biomolecules and antioxidant properties of Scorzonera undulata (Asteraceae): Application of factorial design optimization phenolic extraction. Acta Sci. Pol. Technol. Aliment., 14 (4) ΔXi -the step change of the real value of the variable i corresponding to a variation of a unit for the dimensionless value of the variable i. The levels of each factor are listed in Table 1 . Table 2 presents the experimental design matrix.
Statistical analysis of data
All experiments were repeated twice and carried out in a completely randomized block design; each treatment consisted of three replicates. Mean values of various treatments were subjected to analysis of variance (ANOVA) using IBM SPSS Statistics version 20 Signifi cance level was determined (at p < 0.05) and signifi cant difference was separated using Duncan's Multiple Range Test (DMRT). Pearson's rank-correlation was performed using XL-Stat software to determine the correlations between the phenolic compounds and the antioxidant activity in the different extracts of S. undulata.
RESULTS AND DISCUSSION
Phytochemical screening
Previous studies indicated that different solvents could lead to different extraction effi ciencies of bioactive compounds (Vuong et al., 2013; Zhang et al., 2013) . Therefore, this study determined the impact of four different extraction solvents with various polarity indexes to identify the most effective solvent for further optimization using response surface methodology. According to our knowledge, the chemical analysis of phenolic content, fl avonoids, anthocyanins and condensed tannins of S. undulata from a Tunisian arid area has not yet been investigated.
Total phenolic content in diff erent extracts (TPC).
Polyphenols have attracted considerable attention because of their various biological activities including: antioxidant, antimutagenic, antitumor, anti-infl ammatory, neuro-protective and cardio-protective effects (Tai et al., 2011) . Phenolic compounds are health benefactors because they act as antioxidative agents (Oztürk et al., 2011) . The total phenolic contents (TPC) in S. undulata roots have been evaluated. The quantitative determination of TPC is expressed as milligram gallic acid equivalents per gram dry weight of sample. In the present study, the total phenolic contents of n-hexane, ethyl acetate, methanol and aqueous extracts of S. Scorzonera roots were determined by the Folin-Ciocalteu method and results are shown in Table 3 . The methanol extract of the roots exhibited the highest content (6.12 ±0.11 mg EAG/g DW) followed by the n-Hexan fraction (5.95 ±0.01 mg EAG/g DW). It is reported 
5.06 . Eff ect of extraction solvents on the biomolecules and antioxidant properties of Scorzonera undulata (Asteraceae): Application of factorial design optimization phenolic extraction. Acta Sci. Pol. Technol. Aliment., 14(4), 313-330. DOI: 10.17306/J. AFS.2015.4.32 www.food.actapol.net/ by other researchers (Sun et al., 2011) that methanol was an effective solvent for extracting phenolic compounds. Milella et al. (2014) indicated that total phenolic content of methanol/water extract of S. undulata roots is about 80.7 mg GAE/g of extract, which seems to be more important than the results obtained in the present study. According to Shahat et al. (2014) , the total phenolic content of six species of Asteraceae family (Picris cyanocarpa, Pulicaria crispa, Anthemis deserti, Achillia fragrantissima, Rhantarium appoposum and Artemissia monosperma) ranged from 0.01 to 0.055 mg GAE/g DW, with Artemissia monosperma showing the highest value of 0.055 mg GAE/g DW, followed by Picris cyanocarpa, Pulicaria crispa, Anthemis deserti, Rhantarium appoposum and Achillia fragrantissima with TPC values of 0.038, 0.035, 0.028, 0.01 and 0.009 mg GAE/g DW, respectively. In addition, several studies revealed that phenolic compounds content differed with solvents polarities (Addai et al., 2013; Fernandez-Arroyo et al., 2011) . Turkmen et al. (2006) reported that solvent with different polarity had signifi cant effect on phenolics compound and antioxidant activity in highest content in most polar solvents. This fi nding could be the result of non specifi c reactions of Folin-Ciocalteu reagent with other components of the water extract which could overestimate the phenolic content in these extracts (Galher et al., 2003) . In addition, it is diffi cult to compare our results with historical data. Indeed, the extraction of phenolic compounds from their natural matrix is complicated by their diversity and their susceptibility to oxidation and hydrolysis (Naczk and Shahidi, 2004) . Concerning the ethyl acetate and water fractions, they are less enriched in total phenolic compounds (3.5 ±0.06 and 0.94 ±0.05 mg EAG/g DW respectively). Methanol, hexane, ethyl acetate and aqueous extracts of S. undulata roots showed signifi cant difference (***p < 0.001) in total phenolic content. We can conclude that ethyl acetate and methanol extracts had the highest total phenolic contents. In fact, the use of solvents with different polarities leads to differences in phenolic content and antioxidant capacity (Matthäus et al., 2002; Gorinstein et al., 2007) . In this regard, several authors have remarked the importance of the extraction method and the solvent used (Gorinstein et al., 2007; Nsimba et al., 2008; Ozsoy et al., 2009 ). In addition, in plant preparations (extracts, decoctions), the content and composition of antioxidants depend also on extraction technique, its conditions (extraction time and temperature), and solvents (Škrovánková et al., 2012) .
Determination of total fl avonoids content. Flavonoids (phenolic plant compounds) possess a wide range of pharmacological properties. Its importance to human health lies in its capacity to scavenge free radicals (Robards et al., 1999) . In the present investigation, the aluminum chloride colorimetric method was used for detection of fl avonoids content, which increased from water to ethyl acetate fractions. In this study the ethyl acetate extract presents the highest fl avonoids content (2.90 ±0.05 mg CE/g DW) followed by the n-hexanoic fraction (2.41 ±0.14 mg CE/g DW).
Water and methanolic fractions showed the lowest fl avonoids content (1.62 ±0.04 and 2.30 ±0.15 mg CE/g DW, respectively). Methanol, n-hexane, ethyl acetate and aqueous extracts of S. undulata showed significant difference (***p < 0.001) in fl avonoids content. According to Erden et al. (2013) , the total fl avonoids content of three Scorzonera species extracted with methanol solvent: Scorzonera suberosa (0.26 ±0.05 mg/g DW), Scorzonera laciniata (0.08 ±0.01) and Scorzonera latifolia (0.17 ±0.01 mg/g DW), these results are less important than those revealed by the present study. Moreover, Gouveia et al. (2013) indicated that the fl avonoids content of the ethanol extract of Andryala glandulosa (Asteraceae family) is about 3.28 ±0.01 mg RE/g DW. In comparison to the present study, the fi ndings of the previous studies dealing with Scorzonera species are less important. In fact, the increase or decrease of fl avonoids content depended on the extraction solvent polarity (Hsu et al., 2006; Segura-Carretero and Fernandez-Gutierrez, 2013) .
Determination of anthocyanins content. Anthocyanidin, an important plant pigment, is responsible for most of the purple, red and blue colours in plants.
It is a fl avonoid compound synthesized from phenylalanine and malonylcoa through a series of enzymatic reactions (Holton and Cornish, 1995; Chopra el al., 1996; Mol et al., 1998) . It has been known that anthocyanins possess antitumor, antiulcer and anti-infl ammatory properties (Konczak-Islam, 2003; Kong et al., 2003; Hou et al., 2004; Stintzing and Carle, 2004 ).
In the present study, the anthocyanins content of methanol, n-hexane, ethyl acetate and water extracts of S. undulata roots was determined by the pH differential method and results are shown in Figure 2 . The ethyl acetate extract of S. undulata presented the highest anthocyanins content (28.56 ±3.96 mg/kg DW) followed (Khlifi et al., 2013) .
In fact, anthocyanins are polar molecules which are normally extracted from raw plant tissues by conventional solvent extraction (CSE) methodologies, using polar solvents. However, the type of matrix and solvent used plays an important role for the extraction of anthocyanins (Ramos-Escudero et al., 2012) .
Determination of condensed tannins. Many tannin-rich medicinal and food plants have been appreciated for their benefi cial effects without being troubled by any obvious toxicity (Okuda, 1999) . Research on the tannins in traditional medicinal plants, presented here, started when the chemical, biological and pharmacological properties of tannins in most medicinal plants were not yet subjected to modern analysis (Okuda et al., 1975; 1991; 1992; . In the present study, the tannins content of methanol, n-hexane, ethyl acetate and aqueous extracts of S. undulata were determined by the vanillin method and results are presented in Figure 2 . The highest level of tannins content was measured in the ethyl acetate extract (3.25 ±0.06 mg CE/g DW) followed by the n-hexane extract (2.21 ±0.26 mg CE/g DW). Methanol extract of S. undulata and aqueous fraction showed low tannins content compared to ethyl acetate extract (2.12 ±0.05 and 1.17 ±0.02 mg CE/g DW, respectively). The different extracts of S. undulata showed a signifi cant difference (***p < 0.001) in condensed tannins amounts. In comparison with other materials, these extracts contained lower condensed tannin than those obtained from Artemisia herba-alba (5.47 ±0.09 mg CE/g DW), Ruta chalpensis (4.73 ±0.14 mg CE/g DW) and Peganum hamala (2.03 ±0.06 mg CE/g DW) (Khlifi et al., 2013) . Generally, the extraction effi ciency of bioactive compounds is largely depending on the solvent used (Leblanc et al., 2009; Xi et al., 2009; Chen et al., 2012) . The present study shows that among all the solvent; ethyl acetate and water were better solvents for effective extraction of tannins as compared to other solvents like n-hexane and methanol. According to (Mailoa et al., 2013) , the polar-aprotic solvent cannot provide OH-ions, whereas the polar protic solvent can provide OH-ions, making it easier to interact with polar functional groups on the tannins. Therefore, the polar-aprotic solvents are less compatible to tannins extraction than polar-protic solvent (e.g. ethanol).
Antioxidant activity of S. undulata extracts
Extraction of active compounds in natural plants is potent to protect biological systems against damaging effect of natural oxidation process in organism. In this study, the antioxidant capacity of S. undulata using different extracting solvent was evaluate by 4 assays; DPPH, FRAP, ABTS +• and Reducing power. Each antioxidant assay possesses its own unique mechanism to evaluate the antioxidant activity in sample.
DPPH radical scavenging activity. The antioxidant potential of methanol, n-hexane and aqueous extracts of S. undulata was evaluated on the basis of their ability to scavenge stable free DPPH radicals and results, while the IC 50 values were presented in Table 3 . This test is based on change in colour of DPPH solution from purple to yellow, due to scavenging of stable free DPPH radicals (Khadri et al., 2010) . A stronger yellow colour indicates a greater ability of the extract to scavenge free DPPH radicals and stronger antioxidant potential. The strongest scavenging activity was observed in methanolic fraction followed by n-hexane extract, with IC 50 values of 0.14 ±0.02 and 0.17 ±0.04 mg/ml of extract respectively. The ethyl acetate and water extracts of S. undulata roots have the lowest DPPH • radical scavenging ability over other extracts, with IC 50 values of 0.21 ±0.06 to 0.31 ±0.01 mg/ml of extract respectively. ANOVA test shows a signifi cant difference between the used extracts (***p < 0.001) in DPPH scavenging assay. The highest antioxidant activity in methanol fraction could be related to the . Eff ect of extraction solvents on the biomolecules and antioxidant properties of Scorzonera undulata (Asteraceae): Application of factorial design optimization phenolic extraction. Acta Sci. Pol. Technol. Aliment., 14(4), 313-330. DOI: 10.17306/J. AFS.2015.4.32 high phenolic compounds content showed by this extract. Amoateng et al. (2011) reported that DPPH scavenging ability of Synedra nodifl ora (Asteraceae family) extracted in ethanol solvent (70%) is about 0.31 mg/ml of extract, suggesting that our results are more important. In the DPPH • assay, the free radical scavenging activities decreased from methanol extract to n-hexanoic, ethyl acetate and aqueous extracts for S. undulata roots evidencing a clear secondary metabolite content due to the solvent-solvent partitioning processes (Lixiang et al., 2009 ). An increase in DPPH scavenging ability was observed with increase in concentration of extracts. In comparison with other genus belonging to the Asteraceae family, Kenny et al. (2014) (Cotelle et al., 1996) . We can conclude that the ethyl acetate extract was the most effective in this respect.
FRAP analysis. FRAP method was used to present rather quick and simple method measuring antioxidant presents in S. scorzonera roots. The FRAP assay is based on the ability of phenolics to reduce yellow ferric tripyridyltriazine complex (Fe(III)-TPTZ) to blue ferrous complex (FE(II)-TPTZ) by the action of electron donating antioxidants (Benzie and Stain, 1996) .
In the present study, antioxidant activities evaluated by the FRAP scavenging capacity of methanol, ethyl acetate, hexanoic and water extracts of the samples are presented in Table 3 . The roots of S. undulata showed higher antioxidant activity in methanol extract (0.31 ±0.002 mg TE/g DW) followed by ethyl acetate fraction (0.16 ±0.001 mg TE/g DW). In comparison with other genus belonging to the Asteraceae family, Wojdyło et al. (2007) reported that the FRAP scavenging of Achillea millefolium and Echinacea purpurea extracted with methanol was 0.47 and 0.22 mg TE/g DW respectively, which is very low compared to the results obtained by the present study. The least amount of FRAP scavenging was observed in water extract (0.045 ±0.002 mg TE/g DW) followed by hexanoic fraction (0.005 ±0.00 mg TE/g DW). In FRAP assay, the scavenging activities decreased from methanol to n-hexane extract in S. undulata roots, thus, the polarity of solvents has an indirect function in the extraction process, because it can raise the solubility of antioxidant compounds (Alothman et al., 2009) . ABTS •+ scavenging activity. ABTS assay is based on the antioxidant ability of the extracts to react with ABTS ·+ radical cation generated in the system. The averages values obtained for ABTS assay are given in Table 3 . ABTS (blue-green chromophore) is mixed with the different extracts of S. undulata that can donate a hydrogen atom, then this gives rise to the reduced form with the loss of their color (Molyneux, 2004 , which is much lower than the results obtained in the present study.
Reducing power. In the present study, the reducing power of chemical compounds extracted from S. undulata roots by methanol, hexane, ethyl acetate and water was determined and shown in Table 3 . The reducing power of extracts and standard antioxidants decreased in the order of vit. C > BHT > ethyl acetate extract > n-hexane > methanol > aqueous extracts, in presence of 0.4 mg/ml test sample (Fig. 3) . According to the results obtained in the present study, both ferric reducing power and total phenolic content of ethyl acetate extract were higher than those of the hexane extract. Signifi cant difference (***p < 0.001) in reducing power activity was noted in all of the investigated extracts. Total phenolic content and ferric reducing power are related with each other. Fe (III) reduction is often used as an indicator of electron-donating activity, which is an important mechanism of phenolic antioxidant action (Dorman et al., 2003) . According to Shahat et al. (2014) at 0.4 mg/ml, the absorbance values of methanolic extract, at 700 nm were 0.2; 0.2; 0.27; 0.23; 0.19 and 0.22, respectively in dry sample from P. Crupa, R. Epapposum, P. Cyanocarpa, A. Deserti, A. Fragrantissima and A. monosperma. Compared to the present study, these plants reveal an antioxidant activity less important than S. undulata.
Correlation between phenolic compounds and antioxidant activity
Several studies have reported on the relationship between total phenol and antioxidant activity. Some authors have found a strong correlation between the phenolic contents and the antioxidant activity (Ramful et al., 2011; Ouchemoukhe et al., 2012; Benmeddour et al., 2013) others have found nothing (Amin et al., 2004; Anagnostopoulou et al., 2006; Kamran et al., 2009) . In this study, the results have shown a relationship between antioxidant activity and total phenolic contents. Table 4 showed the Pearson's rankcorrelation between the antioxidant activity and the phytochemical composition of the different extracts.
The fi ndings of this study indicate that total phenolics present high and positive correlations with ABTS scavenging capacity and DPPH (r = 0.990, p < 0.05 and r = 0.965, p < 0.05, respectively). While a high and positive correlation was obtained between fl avonoids and the reducing power (r = 0.861, p < 0.05). In fact, it is known that only fl avonoids with a certain structure and particularly hydroxyl position in the molecule can act as proton donating and show radical scavenging activity . Furthermore, the extracts are very complex mixtures of many different compounds with distinct activities . Anthocyanins are strongly correlated with FRAP (r = 0.737, p < 0.05). Contrary to the condensed tannins that have shown only a correlation with the reducing power (r = 0.807, p < 0.05). A principal component analysis (PCA) was performed in order to visualize the correlations that might exist between the phytochemical composition and the antioxidant activity. Figure 4 shows two groups: the fi rst group (G1) is correlated with the ethyl acetate extract and contains the following parameters: anthocyanins, condensed tannins, fl avonoids and the reducing power. The second group shows a correlation between the methanolic extract, the FRAP radical Fig. 3 . Reducing power of methanol, ethyl acetate, hexane and water extracts of Scorzonera undulata . Eff ect of extraction solvents on the biomolecules and antioxidant properties of Scorzonera undulata (Asteraceae): Application of factorial design optimization phenolic extraction. Figure 5 shows all of the parameter effects and their interactions in decreasing order of importance. This fi gure uses a vertical line to Figure 5 indicate that the effect of whole diameter (parameter A) is not signifi cant and that all interactions involving this parameter (AB; BC and BCD) are negligible. In addition, the main effects plot depicted in Figure 6 shows the estimated change in efficiency of the phenolic content when each of the factors -1 +1 +1 -1 +1 -1 +1 -1 Fig. 6 . Effects of the variation of the four main parameters on polyphenolic content effi ciency . Eff ect of extraction solvents on the biomolecules and antioxidant properties of Scorzonera undulata (Asteraceae): Application of factorial design optimization phenolic extraction. Acta Sci. Pol. Technol. Aliment., 14(4), 313-330. DOI: 10.17306/J. AFS.2015.4.32 is shifted from its lowest level (1) to its highest level (+1). The plot reveals that the effi ciency of phenolic compounds extraction decreases as temperature and concentration of solvent increase. The results of this study are similar to those of other authors; Venditti et al. (2010) obtained signifi cantly higher values in white tea after steeping in cold water (RT) for two hours. This study found that extraction of polyphenols was poor for water and aqueous ethanol at 40°C. In contrast, this parameter shows a positive correlation with maceration period and agitation speed. With the magnitude and direction of the variations of the parameters defi ned, the parameter settings can be optimized for extraction effi ciency. In the present study, response surfaces were used to obtain this information. Figure 7 shows the height of the response surface for solvent extraction effi ciency (phenolic content) over the space of the solvent using coating and maceration period, with the other two factors (temperature and agitation) held constant. This fi gure clearly indicates that the greatest phenolic content was obtained at high values for maceration period and low solvent concentration (methanol 80%). Addition of some amount of water enhance the extraction effi ciency. One possible reason for the increased effi ciency with the presence of some water might be due to the increase in bulge of plant material by water, which increased the contact surface area between the plant matrix and the solvent. In addition, among the most signifi cant factors that infl uence the polyphenol content, the duration of maceration is the one that affects the polyphenol extraction from the plant (Ricardoda-Silva et al., 1993; Sims and Bates, 1994) . Extended maceration is known to cause an increase in polyphenol content in plant (Sun et al., 1999) .
CONCLUSIONS
In summary, our results clearly showed that the extraction of phenolic and anthocyanin compounds and their antioxidant capacity is signifi cantly affected by solvent combinations. S. undulata presented the highest total phenolic content, total fl avonoids content and antioxidant capacity values. In addition, there was a good correlation between total phenolic content and the antioxidant capacity of the S. undulata extracts. Organic solvents were more effi cient in extracting antioxidant compounds than their water solvent. This paper presents the application of the design-of experiment Fig. 7 . Response surface for the polyphenolic content as a function of the solvent using and maceration period method for optimizing the extraction of phenolic content. This method provided answers to several fundamental questions, such as quantifying the most sensitive parameters of the model and their interactions -a task that is diffi cult to perform using conventional experimental methods. The resulting regression model has shown that the effect of temperature is not statistically signifi cant (with >95% certainty), while that of agitation speed is. The two main effects are contributed by the solvent concentration and the maceration period.
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